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ATLAS Pixel Detector 2
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ATLAS Pixel Modules 3
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ATLAS Pixel Modules 4
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Pixel Radiation Damage 5
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Pixel Radiation Damage — Dafacis4 in the crysiall 6
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Part |: Monitoring

Radiation Damage Effects
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https://cds.cern.ch/record/1291633/files/ATLAS-TDR-019.pdf
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Depletion Voltage and Leakage Current
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Leakage current proportional to fluence;
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— leakage current ratios tell us about the depleted volume
(normalized to 3D sensors that are always depleted here)
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Charge Collection Efficiency

Average charge collected from MIPs
decreased due to charge trapping
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2017-002/

Part |I: Modeling

Radiation Damage Effects

Radiation damage is already producing measurable effects;
this will only continue to be more important.

— Need to include radiation damage in our simulation!

This is currently not done by default for the
current or HL-LHC ATLAS simulations !



ATLAS Pixel Digitization Simulation
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Modeling Electric Field Deformations

Use TCAD to calculate the E-field

2-trap (Chiochia model) for planar and
3-trap (Perugia model) for 3D

traps are O(kgT) from the
Intrinsic energy level

additional parameters: e/h
capture cross sections and
introduction rates

references in backup



Electric Field: Field Profiles IBL planar modules 15
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Time-to-electrode IBL planar modules 16

To save time, we pre-compute (‘maps’) all the
quantities derived from the E-field.

TCAD w/ Rad Damage (NIMA 568 (2006) 51-55) Sma" field —

L IBL, 80V, Il =0 i
e ! — Unirradiated |0ng tlme at
—1e14 n, /cm

e 2614 jom? nigh fluence

5e14 n, /cm

N
o

—_k
()

Electrons move
faster than holes

—Electrons .
-Holes T

—_k
o

o
o[ L B Bt s B e

Projected Time to Reach
the Electrode [ns]

iX I e | o L o . | '''' . '-;.'-
p € > 0 50 100 150 200

imp|ant Starting Pixel Depth in z [um] “hackside




Lorentz Angle IBL planar modules 17

The Lorentz angle also changes with depth because
of the non-uniform field: tan(6y,) < u(E)E

TCAD w/ Rad Damage (NIMA 568 (2006) 51-55)
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Trapping IBL 3D modules

Trapped charges (p=1e16neg/cm2, Vbias=-260V)
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Ramo Potential IBL planar modules 19

TCAD model of an ATLAS IBL module ATLAS IBL module
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Model Prediction and Comparison with Data 2
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Conclusions and Future Outlook

IDTR-2016-019
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Slide Change After Presentation

010 was slightly modified to retlect the tact
that the HV was changed in the IBL and not
the b-layer towards the end of the run. The
b-layer was fully depleted during all of 2016.



Depletion Voltage - Predictions
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Electric Field: Field Profiles

Electric Field (Unirradiated, Vbias =-20 V)
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